A simple and efficient method for dispersive liquid -liquid microextraction of methylparaben, ethylparaben, propylparaben and butylparaben in real beverage samples was developed. It is making use of solidified floating organic droplets of 1-dodecanol which has low density and a proper melting point. Parameters influencing the extraction efficiency, such as the type of extraction and dispersive solvent, the volume of extraction and dispersive solvent, salt effect, pH, extraction time, were optimized and resulted in enrichment factors (EFs) of 84 for methylparaben, 103 for ethylparaben, 115 for propylparaben and 126 for butylparaben. The limits of detection for parabens were 1.52, 1.06, 0.32 and 0.17 ng/mL, respectively. Excellent linearity with coefficients of correlation from 0.9970 to 0.9997 was observed in the concentration range of 5-1,000 ng/mL. The repeatability of the proposed method expressed as relative standard deviations (RSDs) ranged from 2.54 to 3.89% (n 5 5). The relative recoveries for parabens in beverage samples were good and in the ranges of 89.8-109.9, 90.2 -107.3, 90.9-101.7 and 92.3-118.1%, respectively. Thus, the proposed method has excellent potential for the determination of parabens in beverage samples.
Introduction
Parahydroxybenzoates ( parabens) are the most commonly used preservatives in foods, beverages, cosmetics and pharmaceuticals (1) to avoid microbial contamination, mainly because of their broad antimicrobial spectrum, good stability, non-volatility and effectivity in a wide pH range (2, 3) . Antimicrobial activity of parabens increases as the chain length of the ester group increases, but at the same time their solubility in water decreases. To achieve maximum activity, parabens are used as mixtures of esters since they show synergistic effects (1) . Generally, parabens are stable in the air and are resistant to hydrolysis in hot and cold water as well as in acidic solutions (1 pH , 7) . Recently, use of preservatives in consumer products has been the subject of criticism because of their possible side effects on human health. The Council Directive 76/768/EC of the European Community permits their use with a maximum concentration of 0.4% (w/w) for each one and total maximum concentration of 0.8% (w/w) expressed as p-hydroxybenzoic acid (4) . In addition, Lemini's group presented the estrogenic effects of parabens including methylparaben, ethylparaben, propylparaben and butylparaben (5) . Moreover, the finding of parabens in human breast tumors provoked the controversy over parabens' toxicity, especially about its potential contribution to raise the risk of breast cancer (6) . Consequently, parabens have become a major public health concern, and interest in the development of analytical methods for their determination in the aquatic environment has recently increased.
The reported methods for the determination of parabens in foods, cosmetics and pharmaceuticals are based on highperformance liquid chromatography (HPLC) (7) (8) (9) (10) (11) , capillary electrophoresis (12) and gas chromatography (GC) (13 -15) . HPLC is the most common method used for detecting parabens in different samples, but sample preparation is often required prior to their analysis to preconcentrate and remove non-polar matrices. Different sample preparation methods have been adopted for this purpose, such as solid-phase extraction (SPE) (16) (17) (18) , solid-phase microextraction (SPME) (19) , shaking and sonication-assisted extraction (20) , supercritical fluid extraction (SFE) (21) , stir bar sorptive extraction (SBSE) (22) , single-drop microextraction (SDME) (23) and dispersive liquid -liquid microextraction (DLLME) (24, 25) . However, SPE requires large volumes of toxic solvent that is environmentally unfriendly, and the process is complicated, tedious and time consuming. The primary advantages of SPME are solvent free and easily miniaturized, unfortunately, the fibers used in SPME are relatively expensive, and the polymer coating is fragile and easily broken. In the process of SBSE, the extraction is time consuming. The shortcomings of SDME include instability and volatility (under stirring) of the extraction solvent present in a single drop.
Efforts have been made to overcome the limitations of the pretreatment techniques described above. A novel liquid -liquid microextraction based on solidification of floating organic droplet (LLME-SFO) was introduced by Khalili-Zanjani et al. (26, 27) . In this method, no specific holder is required for supporting the organic microdrop due to the using of organic solvent with low density and proper melting point. Furthermore, the extractant droplet can be collected easily by solidifying it in the lower temperature (28) (29) (30) . However, the extraction time is somewhat long.
A new method applied in the present study, based on the principle of LLME-SFO, is DLLME-SFO (31). To satisfy concerns about environmental danger of waste solvent disposal, this technique uses low-toxicity extraction solvent (1-dodecanol) . In this simple and inexpensive method, the enormous contact surface between the organic droplets and sample solution speeds up mass transfer, which is as fast as DLLME but shorter than LLME-SFO. After centrifugation and solidification, the solidified organic solvent can be easily transferred into a conical vial and used for HPLC analysis after it melts. The aim of this work is to develop the method of DLLME-SFO for the extraction of methlyparaben, ethlyparaben, propylparaben and butlyparaben in beverage samples followed by determination with HPLC. The possible factors affecting extraction efficiency, such as type and volume of extraction solvent and dispersive solvent, salt effect, pH, and extraction time, were investigated and optimized.
Experimental
Reagents and chemicals Methylparaben, ethylparaben, propylparaben and butylparaben (!99.5%) were purchased from Tianjin City Fine Chemical Research Institute (Tianjin, China). 1-Dodecanol (.99%) was purchased from Tokyo Chemical Industry (Tokyo, Japan). Ethanol, methanol, acetone and acetonitrile (HPLC grade) were obtained from Tianjin Chemical Reagent Research Institute (Tianjin, China) and were used as disperser solvents. All of the other reagents used in the experiment were of the highest grade commercially available.
Instrumentation
Chromatographic analysis was carried out on a SHIMADZU-LC-2010A system equipped with a SPD-10AV-UV detector. A GL Sciences Inertsil/Wondasil-C18 column (250 Â 4.6 mm, 5 mm particle size) was used, and all injections were performed automatically by an autosampler. The operating conditions were as follows: mobile phase, isocratic elution of methanol/water (0.02 mol/L ammonium acetate) (70/30, v/v); flow rate, 1.0 mL/ min; column temperature, 258C; and detector wavelength, 254 nm.
Standard and sample solutions preparation
The stock standard solutions of each compound were prepared at 100 mg/mL in methanol. The working standard solution was prepared weekly at 100 ng/mL in methanol. The stock and working standard solutions were stored at 48C in the refrigerator. Water used in solution preparation was purified on an MYQ-sub-boiling distilling water purification system (Changsha, China). Drinking water, carbonated beverage, green tea beverage and orange beverage from supermarket were stored in amber glass bottles and maintained in the dark at 48C. All of the solvents and beverage samples were filtered through a 0.45-mm membrane in order to eliminate particulate matter before analysis.
Extraction procedure
For DLLME-SFO, a 6.0 mL of aqueous solution ( pH 4.0) containing four kinds of parabens was placed in a 10-mL test tube. A mixed solution of 70 mL 1-dodecanol (extraction solvent) and 500 mL methanol (dispersive solvent) was rapidly injected into the sample solution. A cloudy solution, resulting from the dispersion of fine 1-dodecanol droplets in the aqueous solution, was formed in the test tube. The test tube was shaken by a vortex mixer for 1 min. In this step, parabens were extracted into the fine droplets of 1-dodecanol in a few seconds. After centrifugation for 3 min at 5,000 rpm, the organic solvent droplets were floated on the surface of the aqueous solution due to lower density than water. Then, the test tube was immediately put into an ice bath for 5 min, at this time the floated solvent was solidified because of its low melting point (248C). Then the solidified solvent was transferred to a conical vial by a small medicine spoon. The solidified organic solvent melted quickly in the room temperature, and the volume of it was 40 + 3 mL. Prior to analyzing by HPLC, the extractant was mixed with methanol to a constant volume of 300 mL, and 20 mL of the mixture was used for HPLC analysis.
Results
Optimization of DLLME-SFO To determine the optimized extraction conditions, the HPLC peak area of analytes was used to evaluate the extraction efficiency under different conditions. Triplicate extractions were performed for all experiments, and the average of these results was reported in figures or tables.
Selection of extraction solvent
To achieve optimal results, a suitable extraction solvent must be selected. Specifically, the extraction solvent must have high affinity to analytes, low solubility in water, lower density than water and proper melting point around room temperature. In addition, it should not interfere with the peaks of analytes during chromatographic analysis. In this study, four kinds of organic solvent, including 1-octyl alcohol, 1-undecanol, 1-dodecanol and 1-tetradecyl alcohol, were evaluated and their extraction efficiency were studied. Due to the high melting point above room temperature of 1-tetradecyl alcohol (melting point: 39 -408C), the HPLC injection needle was easily clogged at room temperature. 1-Octyl alcohol had longer solidification time (.5 min) since its melting point (216.78C) is lower than that of the other three. Moreover, the solidified solvent melted quickly because of its relatively low melting point, resulting in the difficulty in drawing them out. The best extraction results were obtained when using 1-dodecanol (melting point: 248C) and 1-undecanol (melting point: 118C) as extraction solvent because of suitable melting point and good extraction efficiency for parabens. While 1-undecanol is more expensive than 1-dodecanol, so 1-dodecanol was selected as the extraction solvent in the following experiments.
Selection of dispersive solvent
The dispersive solvent, which promotes the dispersion of 1-dodecanol into water, is an important component in the process of traditional DLLME. The dispersive solvent should be miscible both in the extraction solvent and water. For this purpose, different solvents (methanol, ethanol, acetone and acetonitrile) were selected for use in the extraction procedure. A series of sample solutions that used 500 mL of each dispersive solvent and 70 mL of 1-dodecanol were studied. The chromatographic peak signal of acetone was so big that it interfered the analysis, and the solubility of 1-dodecanol in acetonitrile was so bad that its dispersity in water was worse. As can be seen from Figure 1 , the peak areas for all analytes are higher when methanol is used as disperser solvent as compared with ethanol, Determination of Parabens in Beverage Samples 1333 acetone and acetonitrile. Hence, methanol was chosen as the dispersive solvent in subsequent experiments.
Effect of extraction solvent volume
To examine the effect of extraction solvent volume, parabens were extracted with different volumes of 1-dodecanol (50, 60, 70, 80 and 90 mL) at a constant volume of methanol (500 mL). The results are shown in Figure 2 . The peak areas of parabens increased as the volume of 1-dodecanol increased in the range of 50 -70 mL, and then decreased as the volume of 1-dodecanol further increased. This is possibly due to the fact that with the larger volume of extraction solvent used, the amounts of 1-dodecanol floated would be greater and higher extraction efficiency would be obtained. However, when the volume of 1-dodecanol reached a specific level, the enrichment performance would reach a platform. If the volume of 1-dodecanol exceeded this level, the final floating phase obtained after centrifugation would be too much to result in a decrease of the concentration of analytes in it. Although the extraction recovery kept almost constant, the EF would decrease, leading to a decrease of the sensitivity for the determination of analytes. Based on these results, 70 mL of 1-dodecanol was used as the extraction solvent in the subsequent experiments.
Effect of dispersive solvent volume
The volume of dispersive solvent directly affects the formation of the cloudy solution (water/dispersive solvent/extraction solvent), and the degree of the dispersion of the extraction solvent in aqueous phase. After choosing methanol as the disperser solvent, it is necessary to optimize its volume. To obtain optimal volume of methanol, various experiments were performed by using different volume of methanol (300, 400, 500, 600 and 700 mL) containing 70 mL 1-dodecanol. As shown in Figure 3 , the peak areas increased with the increase of methanol volume when it was ,500 mL. While increasing of methanol volume from 500 to 700 mL led to a decrease of the peak areas of analytes. The reason is that methanol could not disperse extraction solvent properly at low volume to form a cloudy solution completely, and thus the peak areas were smaller. However, at high volume, the solubility of extraction solvent in water increased, and this would reduce the peak areas. Therefore, 500 mL of methanol was selected as the optimal volume of dispersive solvent.
Effect of pH
In most cases, the pH values of samples can influence the ratio of ionic form to molecular form of the analytes, especially for the analytes which are weak acid or weak alkali. First, considering Figure 4 show that the maximal peak areas were acquired at pH 4.0 for parabens.
Effect of salt concentration
The addition of sodium chloride into an aqueous solution increases its ionic strength, which decreases the solubility of the analytes in the sample solution and may improve the EFs. The concentration of sodium chloride was varied between 0 and 8% (w/v) to observe its effect on the peak areas. The results (Fig. 5 ) indicated that the peak areas improved as the salt concentration increased from 0 to 4%; however, the salt concentration (4 -8%) had an opposite effect on the peak areas. So 4% of sodium chloride was used in subsequent experiments.
Effect of extraction time and sample volume
The extraction time is defined as an interval from the injection of the mixture of extraction and dispersive solvent to the start of centrifugation in the DLLME procedure. After the addition of the mixture of 1-dodecanol and methanol, the sample solution was shaken by a vortex mixer for a certain time. In this experiment, the effect of extraction time on the peak areas were examined in the range of 0 -25 min. The results demonstrated that the extraction time had no significant effect on the peak areas. It has been proved that the surface area between extraction solvent and sample solution are infinitely large after forming of cloudy solution. Thereby, the mass transfer of the analytes from aqueous phase to extractant phase is very rapid. For the sake of convenient operation, 1 min was selected as the optimum extraction time.
An increase in sample volume can enhance the amount of analytes transferred to the organic solvent, which improves the sensitivity. To investigate the effect of sample volume, different volume (5, 6, 7, 8, 9 and 10 mL) of sample were studied. It was found that the largest analytical response was obtained when 6 mL of sample solution was used. And there was no obvious difference in the volume of floating phase with varied sample volume.
In sum, the optimal conditions for a 6.0 mL of sample were as follows: 70 mL of 1-dodecanol was served as extraction solvent and 500 mL of methanol was used as dispersive solvent, the pH value of the sample was adjusted to 4.0, 4% (w/v) salt was added and the extraction time was only 1 min.
Discussion
Analytical performance of the proposed method Under the optimal conditions, a good performance was acquired for the quantitative analysis of the four kinds of target analytes by HPLC. Measures included EF (the ratio between the analyte concentration in the sedimented phase and the initial sample phase.), linear range, repeatability and limits of detection (Table I ). Good linearity was observed over the concentration range of 5 -1,000 ng/mL for all parabens with favorable coefficients of correlation 0.9997, 0.9970, 0.9994 and 0.9991, respectively. The repeatability study was carried out by extracting spiked beverage samples at a concentration level of 300 ng/mL for four kinds of parabens and the RSDs were 2.54, 3.67, 3.89 and 2.75% (n ¼ 5), respectively. The limits of detection (LODs), based on a signal-to-noise ratio (S/N) of 3, were 1.52, 1.06, 0.32 and 0.17 ng/mL, respectively. These results confirmed that the proposed method is sensitive, stabile, and may facilitate the analysis of parabens at trace level. Real beverage samples analysis To assess the applicability of the proposed method, four real beverage samples, including drinking water, green tea beverage, carbonated beverage and orange beverage, were analyzed. The results showed that four kinds of targets were below the detectable level in all samples, which indicates that they were practically free of parabens. These beverage samples were then spiked with standards of methylparaben, ethylparaben, propylparaben and butylparaben at different levels to assess the matrix effect. The recovery and RSDs of the method were calculated for spiked beverage samples. The chromatograms of the drinking water sample spiked with a concentration of 300 ng/mL of parabens treated with DLLME-SFO approach are shown in Figure 6 . The relative recoveries (RRs) for parabens in beverage samples were good and in the ranges of 89.8-109.9%, 90.2 -107.3%, 90.9-101.7% and 92.3 -118.1%, respectively (Table II) , indicating that the DLLME-SFO method is feasible for the determination of four kinds of parabens.
Comparison of DLLME-SFO with other methods Extraction and determination of parabens in beverage samples by the proposed method were compared with those of other methods in Table III . The advantages of the method described here over the other methods include: (i) lower-toxicity extraction solvent used, (ii) less time is needed before instrumental analysis and (iii) lower LODs comparison with DLLME. In conclusion, DLLME-SFO presents a simple, fast and environmentally friendly technique with low sample consumption that can be used for the preconcentration of parabens from beverage samples. Figure 6 . Chromatograms of spiked drinking water (300 ng/mL) analyzed with DLLME-SFO-HPLC. Peak identification: (1) methylparaben, (2) ethylparaben, (3) propylparaben and (4) butylparaben. 
Conclusions
In this study, a simple and sensitive DLLME-SFO technique coupled with HPLC was developed for the determination of parabens in beverage samples. This method reduces the danger of exposure to toxic solvents used for extraction in conventional extraction procedures, has higher precision and requires a shorter extraction time and low volume of the extraction solvent. To the best of our knowledge, this was the first time that the DLLME-SFO was applied for the determination of methylparaben, ethylparaben, propylparaben and butylparaben in real beverage samples with wide linearities, good precisions and satisfactory relative recoveries. It is convinced that DLLME-SFO possesses a great potential in the rapid preconcentration and analysis of target compounds in beverage samples.
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